The characteristics of a high gain type ITT F4129 photomultiplier having three microchannel plates in cascade for electron multiplications have been investigated. These plates are in the Z-configuration. Measurements are given of the gain, dark current, cathode quantum efficiency, anode pulse linearity, electron transit time, single and multiphoton time spreads, fatigue, and pulse height resolution. The gain as a function of transverse magnetic field has been measured and is discussed. Photomultiplier characteristics as a function of the input pulse repetition frequency have also been investigated and discussed.
Introduction
It was previously shown that the timing capabilities of photomultipliers based on high gain microchannel plates for electron multiplication and proximity focusing are considerably better than those of conventional multipliers. 6 It was also shown that sensitivity of the photomultiplier characteristics to ambient magnetic fields is significantly decreased in such multipliers.3 The purpose of this paper is to study similar characteristics of a high-gain photomultiplier having three microchannel plates in cascade for electron multiplication. The plates are in Z-configuration to reduce feedback. The significant feature of the multi-microchannel plate electron multiplier is that its gain can be made considerably higher, typically between 106 and 107 than that obtainable with a single microchannel plate. For the latter, an average multiplier gain of usually less than 106 is achieved. 16 Using experience gained from previous work,8 14 measurements were made of the gain, dark current, quantum efficiency, and anode pulse linearity of an ITT F4129 photomultiplier. Electron transit time, pulse height resolution, si ngle photoelectron pulse response, and single and multiphoton time spreads were also investigated. Determination of fatigue, ambient transverse magnetic field sensitivity, and stability of photocathode quantum efficiency were A mercury light pulse generator produced the light flash. The electrical pulse from the pulse generator was divided into two parts for calibration purposesone was supplied to an oscilloscope and the other to an amplifier input whose output was supplied to the oscilloscope. An adjustable air delay line was used to bring the two pulses into coincidence on the oscilloscope on the direct circuit, hence establishing zero time reference. The F4129 was then put in place and the delays of the output signal were measured. After corrections for the cable length and air paths, the transit times of the photomultiplier was found to be 2.5 ns ± 0.2 ns.
Single Photoelectron Pulse Response
A system similar to the one given in Reference 3 was used for the single photoelectron response measurement. Before the single photoelectron pulse response measurement was made, the system risetime was measured using a 28 ps risetime tunnel diode pulse generator and found to be 300 ps. Figure 4 shows the single photoelectron pulse shape of the F4129. The 10-90% risetime was found to be approximately 0.35 ns after corrections for the system risetime. The Figure 8 shows the pulse height spectrum of the F4129 operating at VM = 2710 V which was the optimized voltage yielding the largest first peak to valley ratio which was determined to be 2.47. Figure 9 is a measurement of the first peak to valley ratio as a function of microchannel plate configuration voltage, VMS of the F4129. With VM = 2710 V, the gain of the photomultiplier was 6.6 x 10 6, the quantum efficiency at the time of this measurement was 2.4%. The dark pulse count dropped to 102 counts per second.
Maximum Operating Frequency Measurement
The maximum operating frequency of a microchannel plate photomultiplier depends on the number of channels, the recovery time of bias current on the used channel, the bias current and the average number of photoelectrons contained in each signal pulse.
A pulsed light emitting diode was used to generate predominately single photoelectron pulses. The output of the F4129 photomultiplier was connected to an amplifier and discriminator whose output was counted by a frequency counter. By increasing the repetition frequency of the LED, the output counting frequency of the photomultiplier was measured. The output pulse frequency is given in Fig. 10 Figure   11 shows the results of this test.
The gain and quantum efficiency of the F4129 was remeasured at this time. The gain was found to be practically the same as before the lifetime test but the quantum efficiency at 410 nm had decreased from 19.92% to 4.98%.
Transverse Magnetic Field Measurements
Measurement data given in Reference 3 show that the microchannel plate photomultipliers are more sensitive to transverse magnetic fields that to axial fields. The relative gain and collection efficiency of the F4129 were measured as a function of transverse magnetic field density. Figure 12 shows the results of the measurement for both directions of the magnetic field. The inflection points of both the gain and collection efficiency response curves at 200 Gauss for one direction of the field are probably due to ferromagnetic materi als used inside the device. Above 400 Gauss both gain and collection efficiency for both field directions are quite similar. The 50% points of the gain curves occur between 750-800 Gauss while the collection efficiency is between 80-90% at the same field density.
These results are more than an order of magnittude better than those of conventional photomultipliers.
However, due to causes presently unknown, the microchannel plate assembly bias current became erratic after the magnetic field tests, but recovered after remaining in the dark for 24 hours with reduced voltage (VM = 1800 V) across it. The 
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